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Abstract: The present study was designed to elucidate the pharmacological and biological effects of Sargassum muticum
extracts on the production of inflammatory mediators in macrophages. S. muticum was extracted with 80% EtOH. The
extract was then successively partitioned with n-hexane, CH2Cl2, EtOAc, BuOH, and water. The results indicate that the
CH2Cl2 fraction of S. muticum extract was an effective inhibitor of LPS-induced NO and PGE2 production in RAW 264.7
cells. These inhibitory effects of the CH2Cl2 fraction of S. muticum included dose-dependent decreases in the expression
of iNOS and COX-2 proteins and iNOS and COX-2 mRNA. To test the inhibitory effects of S. muticum fractions on
other cytokines, we also measured IL-1β and IL-6 mRNA expression by RT-PCR in LPS-stimulated RAW 264.7
macrophage cells. In these assays, the CH2Cl2 fraction of S. muticum decreased the expression of IL-1β and IL-6 mRNA
in a dose-dependent manner. Based on these results, we suggest that S. muticum extracts may be considered possible antiinflammatory candidates for human health.
Key words: Algae, extract, inflammation, Sargassum muticum

Kahverengi alg Sargassum muticum RAW 264,7 makrofaj hücrelerindeki iltihaba
sebep olan sitokinler, iNOS ve COX-2 ekspresyonunu engeller
Özet: Bu çalışma makrofajlardaki iltihap iyileştiricilerin üretimi üzerine Sargassum muticum özütünün farmakolojik ve
biyolojik etkilerini aydınlatmak için tasarlanmıştır. S. muticum % 80 EtOH ile özütlenmiştir. Özüt daha sonra n-hekzan,
CH2Cl2, EtOAc, BuOH ile başarılı bir şekilde bölünmüştür. Sonuçlar S. muticum özütünün CH2Cl2 kısmının RAW 264,7
hücrelerindeki PGE2 üretimi ve NO indükleyici LPS’nin etkili bir inhibitör olduğunu göstermiştir. S. muticum’un CH2Cl2
kısmının bu inhibitör etkisi iNOS ve COX-2 proteinlerinin ifadesinde ve iNOS ve COX-2 mRNA’larında doza bağlı düşüş
göstermiştir. S. muticum’un diğer sitokinlere olan inhibitör etkisini test etmek için, LPS ile uyarılmış RAW 264,7 makrofaj
hücrelerinde IL-1β ve IL-6 mRNA ifadesi de RT-PCR ile ölçülmüştür. Bu denemelerde, S. muticum’ un CH2Cl2 kısmı doza
bağlı bir şekilde IL-1β ve IL-6 mRNA ifadesini azalttı. Bu sonuçlara dayanarak, S. muticum özütünün insan sağlığı için
olası bir enfeksiyon giderici bir aday olarak düşünülebileceğini önermekteyiz.
Anahtar sözcükler: Alg, özüt, iltihap, Sargassum muticum
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Introduction
During the inflammatory process, large amounts
of the pro-inflammatory mediators nitric oxide (NO)
and prostaglandin E2 (PGE2) are generated by the
inducible isoforms of NO synthase (iNOS) and COX2 (1-3). In mammals, NO is synthesized by 3 different
isoforms of NO synthase (NOS): neuronal NOS
(nNOS), endothelial NOS (eNOS), and inducible
NOS (iNOS). While nNOS and eNOS are
constitutively expressed, iNOS is expressed in
response to interferon-γ (IFN-γ), lipopolysaccharide
(LPS), and a variety of pro-inflammatory cytokines
(4-6). COX converts arachidonic acid to
prostaglandins (PGs) and, like NOS, COX exists in 2
isoforms, i.e. COX-1 and COX-2. COX-1 is expressed
constitutively in most tissues and appears to be
responsible for maintaining normal physiological
functions. In contrast, COX-2 is only detected in
certain types of tissues and is transiently induced by
growth factors, pro-inflammatory cytokines, tumor
promoters, and bacterial toxins. Moreover, elevated
COX levels have been detected in various tumor
types, which may account for the excessive
production of inflammatory PGs (7-12).
NF-κB functions in the expression of many proinflammatory cytokines such as tumor necrosis
factor-α (TNF-α), interleukin-1 (IL-1), IL-6, IL-8, and
IFN-β; these cytokines are regulated by the signal
transduction pathway of IκB/NF-κB activation
(12,13). IL-1β is one of the most important
inflammatory cytokines secreted by macrophages and
is induced by LPS in macrophages. During
inflammation, increased release of IL-1β leads to cell
or tissue damage; thus reduction in IL-1β release from
macrophages may retard inflammatory responses to
LPS stimulation (14,15). In addition, the production
of IL-6 is induced by several factors, such as TNF-α,
IL-1β, and the bacterial endotoxin, LPS. IL-6, a proinflammatory cytokine, acts as an endogenous
pyrogen and has multiple effects on the immune
system and on hematopoiesis (16,17).
S. muticum is widely distributed on the seashore
of southern and eastern Korea. In general, S. muticum
has not been considered a medicinal seaweed.
However, its extracts have various biological activities,
including antioxidant activity and antibacterial
activities (18). Nevertheless, the anti-inflammatory
26

activity of S. muticum has remained uncharacterized.
This study is designed to estimate the antiinflammatory effect of solvent fraction constituents
from this species by measuring the production of proinflammatory factors (IL-1β, IL-6, iNOS, COX-2, and
PGE2) in murine macrophage RAW 264.7 cells.
Materials and methods
Materials and solvent extraction
S. muticum were collected in March 2006 from Jeju
Island, Korea. Voucher specimen number JBR-253
was deposited at the herbarium of Jeju Biodiversity
Research Institute (JBRI). The materials for extraction
were cleaned, dried at room temperature for 2 weeks,
and ground into a fine powder. The dried powder (62
g) was extracted with 80% ethanol (EtOH; 2 L) at
room temperature for 24 h and then evaporated under
vacuum. The evaporated EtOH extract (13 g) was
suspended in water (1 L) and partitioned with 4
solvents: n-hexane (1 L), dichloromethane (CH2Cl2; 1
L), ethyl acetate (EtOAc; 1 L), and butanol (BuOH; 1
L); this partition was repeated 3 times. These 4 solvent
partitions yielded n-hexane (1.7 g, 13.1%), CH2Cl2
(0.7 g, 5.4%), EtOAc (0.1 g, 0.8%), BuOH (1.2 g,
9.2%), and H2O (8.2 g, 63.1%) fractions.
Cell culture
The murine macrophage cell line RAW 264.7 was
purchased from the Korean Cell Line Bank (KCLB;
Seoul, Korea). RAW 264.7 cells were cultured in
Dulbecco’s modified Eagle’s medium (DMEM;
GIBCO Inc., NY, USA) supplemented with 100 U/mL
of penicillin, 100 μg/mL of streptomycin, and 10%
fetal bovine serum (FBS; GIBCO Inc., NY, USA). The
cells were incubated in an atmosphere of 5% CO2 at 37
°C and were subcultured every 3 days.
LDH cytotoxicity assay
RAW 264.7 cells (1.5 × 105 cells/mL) plated in
24-well plates were pre-incubated for 18 h and then
treated with LPS (1 μg/mL) plus aliquots of the 80%
EtOH extract or each solvent fraction (25 μg/mL) at
37 °C for 24 h. The release of lactate dehydrogenase
(LDH) from RAW 264.7 cells was used to detect
cytotoxicity and was measured at the end of each
proliferation experiment. LDH leakage is a means of
measuring membrane integrity as a function of the
amount of cytoplasmic LDH released from the cytosol
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into the medium. LDH activity was determined from
the production of NADH during the conversion of
lactate to pyruvate (19,20) and was measured using
an LDH cytotoxicity detection kit (Promega,
Madison, WI, USA). Briefly, culture medium was
centrifuged at 12,000 rpm for 3 min at room
temperature. The cell-free culture medium (50 μL)
was then collected and incubated with 50 μL of the
reaction mixture from the cytotoxicity detection kit
for 30 min at room temperature in the dark.
Subsequently, 1N HCl (50 μL) was added to each well
to stop the enzymatic reaction. The optical density of
the solution at a wavelength of 490 nm was then
measured using an ELISA plate reader. Percent
cytotoxicity was determined relative to the control
group. All experiments were performed in triplicate.
Determination of NO production
After the pre-incubation of RAW 264.7 cells (1.5
× 105 cells/mL) with LPS (1 μg/mL) for 24 h, the
quantity of nitrite in the culture medium was
measured as an indicator of NO production (21).
Briefly, 100 μL of cell culture medium was mixed with
100 μL of Griess reagent [1% sulfanilamide and 0.1%
naphthylethylenediamine dihydrochloride in 2.5%
phosphoric acid]; the mixture was incubated at room
temperature for 10 min, and the absorbance at 540 nm
was measured in a microplate reader. A fresh culture
medium was used as a blank in every experiment. The
quantity of nitrite was determined from a sodium
nitrite standard curve. All experiments were
performed in triplicate.
Measurement of pro-inflammatory cytokine
(IL-1β and IL-6) production
The 80% EtOH extract and each solvent fraction
from S. muticum solubilized with EtOH were diluted
with DMEM before treatment. The inhibitory effect
of the 80% EtOH extract and each solvent fraction (25
μg/mL) on pro-inflammatory cytokine (IL-1β and IL6) production in LPS-treated RAW 264.7 cells was
determined as described by Cho et al. (22).
Supernatants were used for pro-inflammatory
cytokine assays with mouse ELISA kits (R & D
Systems Inc., MN, USA). All experiments were
performed in triplicate.
Determination of PGE2 production
Each fraction (25 μg/mL) from S. muticum was
diluted with DMEM before treatment. Cells were

treated with LPS (1 μg/mL) to allow cytokine
production for 24 h. The PGE2 concentration in the
culture medium was quantified using a competitive
enzyme immunoassay kit (R&D Systems, MN, USA)
according to the manufacturer's instructions. The
production of PGE2 was measured relative to the
following control treatment. All experiments were
performed in triplicate.
RNA isolation and RT-PCR analysis
Total RNA from LPS-treated RAW 264.7 cells was
prepared with Tri-Reagent (MRC, Cincinnati, OH,
USA) according to the manufacturer’s protocol. RNA
was stored at -70 °C until used. One microgram of
RNA was reverse transcribed with M-MuLV reverse
transcriptase (Promega, WI, USA), oligo dT-18
primer, dNTP (0.5 μM) and 1 U RNase inhibitor. The
reaction cocktail was sequentially incubated at 70 °C
for 5 min, 25 °C for 5 min, and 37 °C for 60 min, and
M-MuLV reverse transcriptase was then inactivated
by heating at 70 °C for 10 min. A polymerase chain
reaction (PCR) was performed in reaction buffer
[cDNA, 1.25 U Taq DNA polymerase (Promega, WI,
USA), 3'- and 5'-primer (50 μM each) and 200 mM
dNTP in 200 mM Tris-HCl buffer (pH 8.4) containing
500 mM KCl and 1-4 mM MgCl2]. The PCR was
performed in a DNA gene cycler (BIO-RAD, HC,
USA) with amplification for 30 cycles of 94 °C for 45
s (denaturing), 55-60 °C for 45 s (annealing), and 72
°C for 1 min (primer extension). The primers
(Bioneer, Seoul, Korea) used in this experiment are
indicated in the Table (F: forward, R: reverse). The
PCR products were electrophoresed in 1.2% agarose
gels and stained with ethidium bromide.
Immunoblotting
RAW 264.7 cells were pre-incubated for 18 h and
then stimulated with LPS (1 μg/mL) in the presence of
test materials for 24 h. After incubation, the cells were
collected and washed twice with cold PBS (phosphatebuffered saline). Cells were lysed in lysis buffer [50
mM Tris-HCl (pH 7.5), 150 mM NaCl, 1% Nonidet
P-40, 2 mM EDTA, 1 mM EGTA, 1 mM NaVO3, 10
mM NaF, 1 mM dithiothreitol, 1 mM
phenylmethylsulfonyl fluoride, 25 μg/mL aprotinin,
25 μg/mL leupeptin] and kept on ice for 30 min. The
cell lysates were centrifuged at 15,000 ×g at 4 °C for 15
min and the supernatants were stored at -70 °C until
use. Protein concentration was measured by the
27
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Table. Primer sequences and fragment sizes of the investigated genes in RT-PCR analysis.
Gene

Primer Sequences

iNOS

F
R

5’-CCCTTCCGAAGTTTCTGGCAGCAGC-3’
5’-GGCTGTCAGAGCCTCGTGGCTTTGG-3’

496

COX-2

F
R

5’-CACTACATCCTGACCCACTT-3’
5’-ATGCTCCTGCTTGAGTATGT-3’

696

IL-1β

F
R

5’-CAGGATGAGGACATGAGCACC-3’
5’-CTCTGCAGACTCAAACTCCAC-3’

447

IL-6

F
R

5’-GTACTCCAGAAGACCAGAGG-3’
5’-TGCTGGTGACAACCACGGCC-3’

308

β-Actin

F
R

5’-GTGGGCCGCCCTAGGCACCAG-3’
5’-GGAGGAAGAGGATGCGGCAGT-3’

603

Bradford method (23). Aliquots of the lysates (30~50
μg of protein) were separated on 8%~12% SDSpolyacrylamide gels and transferred onto
polyvinylidene fluoride (PVDF) membranes (BIORAD, HC, USA) with glycine transfer buffer [192 mM
glycine, 25 mM Tris-HCl (pH 8.8), 20% MeOH (v/v)].
After blocking nonspecific sites with 5% nonfat dried
milk, the membrane was incubated with specific
primary mouse monoclonal anti-iNOS Ab (1:1000,
Calbiochem, CA, USA) or rabbit polyclonal antiCOX-2 Ab (1:1000, BD Biosciences Pharmingen, CA,
USA) at 4 °C overnight. Each membrane was further
incubated for 30 min with a secondary peroxidaseconjugated goat IgG (1:5000, Amersham Pharmacia
Biotech, Little Chalfont, UK) to mouse or rabbit,
respectively. Immunoactive proteins were detected
using an enhanced chemiluminescence (ECL)
Western blotting detection kit (Amersham
Biosciences, NJ, USA).
Statistical Analysis
Student’s t-test and one-way ANOVA were used to
determine the statistical significance of differences
between the values for the various experimental and
control groups. Data are expressed as means ±
standard errors (SEM) and the results were taken
from at least 3 independent experiments performed
in triplicate. P values of 0.05 or less were considered
statistically significant.
28
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Results and discussion
To investigate the effect of S. muticum on NO
production, we measured the accumulation of nitrite,
a stable oxidized product of NO, in culture media. NO
production was examined in RAW 264.7 cells
stimulated by LPS in the presence or absence of S.
muticum extracts for 24 h. Nitrite levels in LPSstimulated cells increased significantly compared to
the levels in control cells. To evaluate whether extracts
of S. muticum could modulate NO production in
activated macrophages, we examined the effects of the
hexane, CH2Cl2, EtOAc, BuOH, and water fractions
of S. muticum on NO production in the murine
macrophage cell line, RAW 264.7. As shown in Figure
1, among the 5 fractions, the CH2Cl2 extract (25
μg/mL) markedly inhibited LPS-induced NO
production by RAW 264.7 cells by 86%. The hexane
fraction also inhibited LPS-induced production of
NO by 52%. There was no basal NO production in the
incubation with the crude extract from S. muticum
without LPS (data not shown). As determined by
LDH assays, the numbers of viable activated
macrophages were not altered by the solvent fractions,
indicating that the inhibition of NO synthesis by the
CH2Cl2 fraction was not simply due to cytotoxic
effects. Although the hexane extract also significantly
inhibited NO synthesis at 25 μg/mL, this activity may
have been caused by cytotoxicity.
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Figure 1. Effect of S. muticum extracts and solvent fractions on cell viability
and nitric oxide production in RAW 264.7 cells.
Nitric oxide production was assayed in the culture media of cells
stimulated with LPS (1 μg/mL) for 24 h in the presence of the S.
muticum extracts and solvent fractions (25 μg/mL). Cytotoxicity
was determined using the LDH method. Values are the mean ±
SEM of triplicate experiments.
*, P <0.05; **, P <0.01

PGE2 is an inflammatory mediator that is
produced from the conversion of arachidonic acid by
cyclooxygenase. In a variety of inflammatory cells,
including macrophages, COX-2 is induced by
cytokines and other activators, such as LPS, resulting
in the release of a large amount of PGE2 at
inflammatory sites. Therefore, we examined the
effects of S. muticum on PGE2 production in LPSstimulated RAW 264.7 macrophages. When
macrophages were stimulated with LPS (1 μg/mL) for
24 h, the levels of PGE2 increased in the culture
medium. As shown in Figure 2, the CH2Cl2, EtOAc,
and hexane fractions (25 μg/mL) suppressed LPSinduced PGE2 production.
To further evaluate whether reduced NO and
PGE2 syntheses correlated with iNOS and COX-2
protein expression, we examined iNOS and COX-2
protein levels by Western blot analysis. Although no
iNOS or COX-2 protein was detected in unstimulated
RAW 264.7 cells, 130-kDa iNOS- and 72-kDa COX2-specific bands appeared when cells were stimulated
with LPS for 24 h. As shown in Figure 3, the 5
fractions and the EtOH extract of S. muticum each
reduced the expression of iNOS protein. Although the
hexane and water fractions at 25 μg/mL significantly
inhibited the expression of iNOS protein, their
activities may have been caused by cytotoxicities. Of
the 5 fractions, the CH2Cl2 fraction produced the best
inhibitory effect on iNOS production; at
concentrations of 25 μg/mL or greater, iNOS protein

could not be detected. The correlation of the amount
of iNOS protein with the accumulation of NO
suggests that the CH2Cl2 fraction inhibited NO
production by reducing iNOS protein expression. We
also found that the amounts of the 72-kDa COX-2
protein were increased by LPS, and these increases
were antagonized by 25 μg/mL of the CH2Cl2 fraction
of S. muticum. The inhibitory activity of the hexane
fraction may be caused by cytotoxicity.
To determine whether the inhibition of LPSstimulated NO and PGE2 production by S. muticum
was mediated by the regulation of iNOS and COX-2
expression, RT-PCR analyses were performed. As
shown in Figure 4, the expressions of iNOS and COX2 mRNA were significantly elevated in macrophages
treated with LPS (1 μg/mL) compared to those in
unstimulated cells (control). RT-PCR analyses
indicated that S. muticum reduced iNOS and COX-2
mRNA without affecting the mRNA of β-actin, a
house-keeping protein. Among the 5 fractions, the
CH2Cl2 fraction of S. muticum reduced the expression
of iNOS and COX-2 protein. Therefore, the inhibitory
effect of S. muticum on iNOS and COX-2 gene
expression is one of the possible mechanisms
responsible for the anti-inflammatory action of S.
muticum. In conclusion, S. muticum actively
suppressed the expression of genes implicated in
inflammation.
IL-1β and IL-6 are produced mainly by activated
monocytes or macrophages (24). Therefore, we
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Figure 2. Inhibitory effects of S. muticum extracts and solvent fractions on PGE2
production in RAW 264.7 cells.
Cells (1.5 × 105 cells/mL) were stimulated with LPS (1 μg/mL) for 24 h
in the presence of the 80% EtOH extract or the solvent fractions (25
μg/mL) of S. muticum. Supernatants were collected, and the PGE2
concentration in the supernatants was determined by ELISA. Values
are the mean ± SEM of triplicate experiments.
*, P <0.05; **, P <0.01
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Figure 3. Inhibitory effect of S. muticum extracts and solvent fractions on iNOS
and COX-2 protein levels in RAW 264.7 cells.
RAW 264.7 cells (1.0 × 106 cells/mL) were pre-incubated for 18 h, and
the cells were stimulated with LPS (1 μg/mL) in the presence of the 80%
EtOH extract or the solvent fractions (25 μg/mL) of S. muticum for 24
h. The iNOS protein level was determined by immunoblotting.
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Figure 4. Inhibitory effects of S. muticum extracts and solvent fractions on iNOS
and COX-2 mRNA expression in RAW 264.7 cells.
RAW 264.7 cells (1.0 × 106 cells/mL) were pre-incubated for 18 h, and
the iNOS mRNA expression was determined from cells stimulated with
LPS (1 μg/mL) for 24 h in the presence of 80% EtOH extract and solvent
fractions (25 μg/mL) of S. muticum.
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IL-6 release (%)

IL-1β release (%)

determined the effect of the solvent fractions from S.
muticum on pro-inflammatory cytokines in murine
macrophage RAW 264.7 cells through RT-PCR
analyses. After 18 h of pre-incubation, mRNA
expression of pro-inflammatory cytokines was
determined from a culture stimulated with LPS (1
μg/mL) for 8 h in the presence of S. muticum solvent
fractions (25 μg/mL). There was no basal change in
IL-1β and IL-6 expression when cells were incubated
with only the crude extract from S. muticum without
LPS (data not shown). After 24 h of incubation with
both LPS (1 μg/mL) and the solvent fractions of S.
muticum (25 μg/mL), there was remarkable inhibition

of IL-1β and IL-6 production and mRNA expression
in RAW264.7 cells, especially in cells treated with the
n-hexane and CH2Cl2 fractions (Figure 5).
Furthermore, the CH2Cl2 fraction (25 μg/mL)
strikingly decreased the levels of IL-1β mRNA and
protein by up to 100%.
To assess the effects of the CH2Cl2 fraction of S.
muticum extract on LPS-induced protein and mRNA
expression of iNOS and COX-2 in RAW 264.7 cells,
culture media were collected from the cells that were
treated with or without LPS and various
concentrations of the CH2Cl2 fraction. As our results
indicate, 6.25, 12.5, and 25 μg/mL of the CH2Cl2
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Figure 5. Inhibitory effects of the 80% EtOH extract and solvent fractions of S.
muticum on IL-1β and IL-6 production and mRNA expression in RAW
264.7 cells.
5
Cells (1.5 × 10 cells/mL) were stimulated by LPS (1 μg/mL) for 24 h in the
presence of the 80% EtOH extract and the solvent fractions from S. muticum
(25 μg/mL). Supernatants were collected, and the IL-1β and IL-6
concentrations in the supernatants were determined by ELISA. Values are
the mean ± SEM of triplicate experiments.
*, P <0.05; **, P <0.01

31

Brown alga Sargassum muticum inhibits proinflammatory cytokines, iNOS, and COX-2 expression in macrophage RAW 264.7 cells

fraction of S. muticum extract significantly attenuated
LPS-induced protein and mRNA expressions of iNOS
and COX-2 in a dose-dependent manner (Figure 6).
Since IL-6 and IL-1β are also inflammatory
mediators, the effects of the CH2Cl2 fraction of S.
muticum extract on IL-6 and IL-1β production in
LPS-stimulated RAW 264.7 cells were measured using
the culture media. Consistent with the attenuated
LPS-induced protein and mRNA expressions of iNOS
and COX-2, co-incubation of cells with 6.25, 12.5, and
25 μg/mL of the CH2Cl2 fraction of S. muticum extract
prior to LPS treatment caused a significant (P < 0.05
or P < 0.01) and dose-dependent decrease in the
release of IL-6 and IL-1β (Figure 7).
In conclusion, in our search for inhibitors of COX2 and iNOS, we found that extracts of S. muticum
inhibited NO and PGE2 generation in LPS-stimulated

LPS (1 ug/mL)
J-253 (CH2Cl2)

-

+
-

RAW 264.7 macrophage cells, as well as levels of iNOS
and COX-2 mRNA and protein. The CH2Cl2 fractions
exhibited strong inhibitory activity against NO and
PGE2 production. The CH2Cl2 fraction of S. muticum
also decreased the expression of IL-1β and IL-6
mRNA in a dose-dependent manner. Considering
these results, we suggest that S. muticum extracts may
be considered possible anti-inflammatory candidates
for topical application. Further investigations will
focus on the in vivo assessment of the biological
activity of S. muticum extracts and on the chemical
identification of the major active components
responsible for anti-inflammatory activity in the
efficacious extracts. To the best of our knowledge, this
is the first report demonstrating the in vitro antiinflammatory activity of S. muticum extracts and
providing a scientific basis for human health.
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Figure 6. Inhibitory effect of CH2Cl2 fraction of S. muticum on the mRNA expression
protein level of iNOS and COX-2 in RAW 264.7 cells.
6
RAW 264.7 cells (1.0 × 10 cells/mL) were pre-incubated for 18 h, and proinflammatory cytokine mRNA expression was determined from 24-h culture of
cells stimulated with LPS (1 μg/mL) in the presence of 80% EtOH extract and
solvent fractions of S. muticum (25 μg/mL).

32

W.-J. YOON, Y. M. HAM, W. J. LEE, N. H. LEE, C.-G. HYUN

LPS (1 ug/mL)
J-253 (CH2Cl2)

-

+
-

+
6.25

+
12.5

+
25

IL-1β

308 bp

IL-6

447 bp

β-actin

603 bp

Figure 7. Inhibitory effect of CH2Cl2 fraction of S. muticum on the pro-inflammatory
cytokine mRNA expression in RAW 264.7 cells.
RAW 264.7 cells (1.0 × 106 cells/mL) were pre-incubated for 18 h, and the
pro-inflammatory cytokine mRNA expression was determined from 24-h
culture of cells stimulated with LPS (1 μg/mL) in the presence of S. muticum
fraction (CH2Cl2 - 6.25, 12.5, 25 μg/mL).
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